This protocol describes the generation of a fraction enriched in lysosomes from rat liver. The lysosomes are rapidly isolated using density-gradient centrifugation with gradient media that retain the osmolarity of the lysosomes such that they are functional and can be used in in vitro assays.
3. Use a 50-mL syringe attached to a 14-gauge needle to inject 50 mL of ice-cold STM buffer into the rat via the left ventricle of the heart.
This injection perfuses the liver with STM. The liver should turn from a dark red to a light pink color.
The muscles of the rat will rapidly contract when perfused with cold buffer. Therefore, grip the needle firmly with a pair of serrated forceps to prevent the needle from dislodging during injection.
4.
Quickly dissect the liver from the carcass, removing as much connective tissue as possible.
5.
Place the liver into a beaker or into ice-cold STM buffer if transportation is required.
Perform all subsequent steps at 4˚C.
Weigh the liver.
A typical liver from a 250-g rat weighs 14 g.
7.
Place the beaker on ice and finely mince the liver with a pair of scissors. Transfer the minced liver into fresh prechilled STM buffer; use 3 mL of STM per gram of minced liver. 8. Pour the liver-STM mixture into a 55-mL Potter-Elvehjem vessel, and keep it on ice.
9. Homogenize the liver as follows. Carry out this step in a cold room if possible.
i. Attach the serrated Teflon pestle to a household drill mounted onto a laboratory bench.
The drill should be mounted so that the pestle is vertical.
ii. Place the vessel containing the liver-STM mixture into a wide plastic measuring cylinder that is packed with ice water.
The measuring cylinder is normally shortened, allowing enough of the vessel to protrude from the top of the cylinder so that the vessel can be gripped to stop its rotation during homogenization.
iii. Using a drill speed of 2400 rpm, push the vessel upward once and allow the pestle to reach the bottom of the vessel. iv. Homogenize the liver with three additional strokes of the pestle (down and up three times).
10.
Transfer the homogenate into centrifuge tubes and place them in a JA20 rotor (or equivalent).
Centrifuge the tubes at 960g (average) for 10 min at 4˚C.
11.
Carefully decant the homogenate (postmitochondrial supernatant), keeping the loose pellet toward the top of the tube. Discard the pellets.
Proceed immediately to
Step 12.
Density-Gradient Centrifugation
Depending upon the size of the liver, two to four gradients may be required. Each gradient can accommodate 14 mL of homogenate.
12. Prepare the Nycodenz gradients in 39-mL sealable ultracentrifuge tubes:
i. Add 21 mL of 20% Nycodenz to each tube.
ii. Use a long wide-bore needle and syringe to underlay the 20% Nycodenz layer with 4 mL of 45% Nycodenz. iii. Use a peristaltic pump to deliver 14 mL of the homogenate onto the top of each gradient.
A syringe may be used instead of the pump, if used carefully.
iv. Seal the tubes with an appropriate heat sealer.
13. Centrifuge the gradients in a vertical rotor at 206,360g (average) for 60 min, adjusting the acceleration and de-acceleration to low settings to ensure gentle acceleration and breaking for 3 min at the beginning and end of the centrifugation cycle.
After centrifugation, membranous material should be visible on the 45% Nycodenz/20% Nycodenz interface.
14. Cut open the tops of the tubes with a sharp scalpel.
15. Pump the material from the bottom of each gradient through a long wide-bore needle that extends to the bottom of the tube. Using a peristaltic pump and a fraction collector, pump at a rate of 1 mL/min and collect 1-mL fractions.
The lysosomes are generally found in fractions 4-8. Contaminating membranes will be present; however, these fractions will be devoid of endosomes. If you wish to determine the precise location of the lysosomes, carry out a lysosomal enzyme assay as described in Step 16. Otherwise proceed to Step 17.
16. Assay each fraction for β-hexosaminidase activity as follows.
i. Set up duplicate LP3 tubes for each fraction to be assayed.
Each fraction will be assayed for enzyme activity in the presence and in the absence of Triton X-100.
ii. Add 5-25 µL of the fraction to each of the duplicate tubes.
iii. Add 100 µL of β-hexosaminidase substrate solution containing 0.1% Triton X-100 to one tube, and add 100 µL of β-hexosaminidase substrate without 0.1% Triton X-100 to the other tube. iv. Precisely 3 min later, add 1 mL of 1 M Na 2 CO 3 to each tube.
v. Vortex the tubes briefly and measure the fluorescence using a fluorimeter (360 nm excitation, 445 nm emission).
If the lysosomal membranes are intact, very little enzymatic activity should be detected in the assays performed without Triton X-100. In the presence of Triton X-100, the membranes become permeable to the substrate, and enzyme activity will be observed. This comparison allows an estimation of how latent (intact) the lysosomes are, and therefore if they can be used in functional experiments.
Pool fractions 4-8 (or those fractions determined to have lysosomes in
Step 16). Dilute the pooled fractions to 18 mL with STM. 18. Centrifuge the samples in a benchtop ultracentrifuge at 38,203g (average) for 15 min. Discard the supernatants.
Isolation of Endolysosomes

Resuspend the pellets from
Step 18 in STM using a Dounce homogenizer. Use a volume of 24 mL of STM for the lysosomes derived from each rat liver used as starting material. 20. Prepare Ficoll/Nycodenz gradients in 39-mL sealable ultracentrifuge tubes.
i. To each tube add 14.5 mL of 20% Ficoll.
ii. Use a long wide-bore needle and syringe to underlay the 20% Ficoll layer with 14.5 mL of 20% Nycodenz. iii. Use the long wide-bore needle and syringe to underlay the 20% Nycodenz layer with 4 mL of 45% Nycodenz. iv. Deliver 6 mL of lysosomes onto the top of each gradient.
v. Seal the tubes with an appropriate heat sealer.
21.
Centrifuge the gradients as in Step 13.
Cut open the tubes and collect fractions as in Steps 14 and 15.
The lysosomes will be found at the bottom of the gradient and the endolysosomes at the 20% Ficoll/20% Nycodenz interface.
23. Pool the fractions containing the lysosomes and separately pool the fractions containing the endolysosomes. Dilute each pool threefold with STM. 24. Collect the organelles from each pool by centrifugation as in Step 18.
Storage is not recommended.
DISCUSSION
This protocol relies on the property that lysosomes are relatively dense compared with other organelles and therefore can be isolated from the bottom of the Nycodenz step gradient. The use of a vertical rotor in an ultracentrifuge allows isopycnic centrifugation to be achieved in 1 h, which is useful if you are trying to reduce degradation of any lysosome lumenal contents.
In practice this protocol can be adapted for tissue culture cells, subject to optimizing the homogenization step. In this study, we find that the lysosomes from NRK and HeLa cells will migrate to the bottom of the 20% Nycodenz gradient. These preparations tend to be free of endosomes, but not free of the endoplasmic reticulum. A simpler approach for isolating lysosomes from tissue culture cells using magnetic separation is given in Protocol: Purification of Lysosomes Using Supraparamagnetic Iron Oxide Nanoparticles (SPIONs) (Rofe and Pryor 2014 
Ficoll (25%)
Dissolve Ficoll 400-DL (lyophilized and dialyzed, e.g., Sigma-Aldrich F9378) to a concentration of 25% in double distilled water. Store at −20˚C.
Nycodenz (20%)
Nycodenz ( 
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